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(57) Abstract 

Pyridoxal analogues can be useful for treating B6 deficiency and related diseases; cardiovascular and related diseases; melanoma 
and related diseases; and symptoms thereof. The analogues have formula (V) or (VI) or a pharmaceutically acceptable acid addition salt 
thereof, in which Ri is alkyl, alkenyl, in which alkyl or alkenyl can be interrupted by nitrogen, oxygen, or sulfur, and can be substituted at 
the terminal carbon by hydroxy, alkoxy, alkanoyloxy, alkanoyloxyaryl, alkoxyalkanoyl, alkoxycarbonyl, or dialkylcarbamoyloxy; alkoxy; 
dialkylamino; alkanoyloxy; alkanoyloxyaryl; alkoxyalkanoyl; alkoxycarbonyl; dialkylcarbamoyloxy; or aryl, aryloxy, arylthio, or aralkyl, 
in which aryl can be substituted by alkyl, alkoxy, amino, hydroxy, halo, nito, or alkanoyloxy. R 2 is secondary amine. These analogues can 
be administered, either alone or concurrently with known medications, to treat the above-described diseases. 
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PYRIDOXAL ANALOGUES FOR VITAMIN B-6 DISORDERS 



FIELD OF THE INVENTION 



10 



15 



This invention relates to 3-acylated pyridoxal analogues and pharmaceutical 
compositions thereof and to treatments for cardiovascular and related diseases, for 
example, hypertrophy, hypertension, congestive heart failure, myocardial ischemia, 
arrhythmia, heart failure subsequent to myocardial infarction, myocardial infarction, 
ischemia reperfusion injury, blood coagulation, platelet aggregation, and diseases 
that arise from thrombotic and prothrombotic states in which the coagulation cascade 
is activated; treatments for vitamin B6 deficiency and related diseases, for example, 
hyperhomocysteinemia; and treatments for melanoma and related diseases. 



Pyridoxal-5 -phosphate (PLP) ; an end product of vitamin B 6 metabolism, 
plays a vital role in mammalian health. Vitamin B6 typically refers to pyridoxine, 
which is chemically known as 2-methyl-3-hydroxy— 4,5- 
di(hydroxymethyl)pyridine and is represented by formula I: 




CH 2 OH 



I 



Yet two additional compounds, pyridoxal of formula II 



CHO 




H,C 



N 



II 



and pyridoxamine of formula III 




CH3NH 2 



N 



CONFIRMATION COPY 
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in, 

are also referred to as vitamin B6. All three compounds serve as precursors to 
pyridoxal-5'-phosphate (PLP), which is chemically known as 3-hydroxy-2- 
methyl-5-[(phosphonooxy) methyl]-4-pyridine-carboxaldehyde and is represented 
5 by formula IV: 




IV 

PLP is the biologically active form of vitamin B 6 inside cells and in blood 

10 plasma. Mammals cannot synthesize PLP de novo and must rely on dietary sources 
of the precursors pyridoxine, pyridoxal, and pyridoxamine, which are metabolized to 
PLP. For instance, mammals produce PLP by phosphorylating pyridoxine by action 
of pyridoxal kinase and then oxidizing the phosphorylated product. PLP can also be 
chemically synthesized by, for example, reacting ATP with pyridoxal, reacting 

1 5 phosphorus oxychloride with pyridoxal in aqueous solution, and reacting 
pyridoxamine with concentrated phosphoric acid and then oxidizing the 
phosphorylated product 

PLP is a regulator of biological processes and a cofactor in more than 100 
enzymatic reactions. It has been shown to be an antagonist of a purinergic receptor, 

20 thereby affecting ATP binding; it has been implicated in modulation of platelet 
aggregation; it is an inhibitor of certain phosphatase enzymes; and it has been 
implicated in the control of gene transcription. PLP is also a coenzyme in certain 
enzyme-catalyzed processes, for example, in glycogenolysis at the glycogen 
phosphorylase level, in the malate asparatate shuttle involving glycolysis and 

25 glycogenolysis at the transamination level, and in homocysteine metabolism. 

Mammals may have deficiencies in PLP synthesis or function because of 
inadequate dietary uptake of precursors or antagonism of PLP synthesis or PLP 
function as a coenzyme as a result of, for example, genetic defects or a drug binding 
to PLP to make an intermediate that inhibits an enzyme in the PLP metabolic 

30 pathway or a drug inhibiting another step in the synthesis of PLP. There are 
situations where high, sustained plasma levels of PLP can provide a desirable 
therapeutic effect, particularly with respect to cardiovascular health. 

2 
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To boost mammalian PLP levels, lipophilic PLP precursors that are 
metabolized in vivo to PLP have been administered! Although the administration of 
some compounds have shown some therapeutic benefits, there have been 
disadvantages associated with the compounds disclosed to date, such as, for 
5 example, excretion, rapid or inefficient metabolism, and toxicity. 

Thus, there is a need to identify and administer drugs that are readily 
absorbed and converted to PLP in the blood or inside cells; that more slowly 
metabolize to PLP in vivo to ultimately maintain sustained levels of PLP, to lessen 
loss by excretion, and to decrease the likelihood of neurotoxicity; or that beneficially 
1 0 affect PLP-related conditions. 

SUMMARY OF THE INVENTION 
The present invention provides for 3-acylated pyridoxal analogues. One 
embodiment of the invention includes a 3-acylated analogue of pyridoxal (2- 
1 5 methyl-3-hydroxy-4-formyl~5-hydroxymethylpyridine), which is a compound of 
formula V: 



CHO 

R »V°V^V CH ^ 0H 

SIT 



V 

or a pharmaceutical^ acceptable acid addition salt thereof; wherein 
Ri is alkyl, 
20 alkenyl, 

in which alkyl or alkenyl 

can be interrupted by nitrogen, oxygen, or sulfur, and 
can be substituted at the terminal carbon by hydroxy, 

alkoxy, 

25 alkanoyloxy, alkanoyloxyaryl, alkoxy alkanoyl, 

alkoxycarbonyl, or dialkylcarbamoyloxy; 

alkoxy; 
dialkylamino; 
alkanoyloxy; 
30 alkanoyloxyaryl; 

alkoxy alkanoyl; 



3 
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alkoxycarbonyl; 
dialkylcarbamoyloxy; or 
aryl, 
aryloxy, 
5 arylthio, or 

aralkyl, 

in which aryl can be substituted by alkyl, alkoxy, amino, hydroxy, 
halo, nitro, or alkanoyloxy. 
Another embodiment of the invention is a 3-acylated analogue of pyridoxal- 
1 0 4,5-aminal (1-secondary amino- 1 ,3-dihydro-7-hydroxy-6~methylfuro(3,4- 
c)pyridine), which is a compound of formula VI: 




VI 



or a pharmaceutically acceptable acid addition salt thereof; wherein 
15 Rj is alkyl, 

alkenyl, 

in which alkyl or alkenyl 

can be interrupted by nitrogen, oxygen, or sulfur, and 
can be substituted at the terminal carbon by hydroxy, 



20 alkoxy, 



25 



30 



alkanoyloxy, alkanoyloxyaryl, alkoxyalkanoyl, 
alkoxycarbonyl, or dialkylcarbamoyloxy; 



alkoxy; 

dialkylamino; 

alkanoyloxy; 

alkanoyloxyaryl; 

alkoxyalkanoyl; 

alkoxycarbonyl; 

dialkylcarbamoyloxy; or 

aryl, 

aryloxy, 
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arylthio, or 
aralkyl, 

in which aryl can be substituted by alkyl, alkoxy, amino, hydroxy, 
halo, nitro, or alkanoyloxy; and 
5 R2 is a secondary amino group. 

In another aspect, the invention is directed to a pharmaceutical composition 
that includes a pharmaceutically acceptable carrier and a therapeutically effective 
amount of a compound of formula V or VI. 

The invention is also directed to a method of treating vitamin deficiency 
1 0 and related diseases, for example, hyperhomocysteinemia, by administering a 

therapeutically effective amount of a compound of formula V or VI in a unit dosage 
form. 

In another aspect, the invention is directed to a method of treating 
cardiovascular and related diseases, for example, hypertension, hypertrophy, 

15 arrhythmia, congestive heart failure, myocardial ischemia, heart failure subsequent to 
myocardial infarction, myocardial infarction, ischemia reperfusion injury, blood 
coagulation, platelet aggregation, and diseases that arise from thrombotic and 
prothrombotic states in which the coagulation cascade is activated by administering 
a therapeutically effective amount of a compound of formula V or VI in a unit 

20 dosage form. For such, a method, a compound of formula V or VI can be 

administered alone or concurrently with a known therapeutic cardiovascular agent, 
for example, angiotensin converting enzyme inhibitor, an angiotensin II receptor 
antagonist, a vasodilator, a diuretic, an a-adrenergic receptor antagonist, an 
antioxidant, or a mixture thereof. 

25 In still another aspect, the invention is directed to a method of treating 

melanoma and related diseases by administering a therapeutically effective amount 
of a compound of formula V or VI in a unit dosage form. For such a method, a 
compound of formula V or VI can be administered alone or concurrently with known 
medicaments suitable for treating melanoma and related diseases, for example, 

30 interleukin-2 immunotherapy. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows pyridoxal and pyridoxal-5-phosphate plasma levels in rats 
after administration of pyridoxal-5'-phosphate. 
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Figure 2 shows pyridoxal and pyridoxal-5 r -phosphate plasma levels in rats 
after administration of 3-pivaloylaminal. 

Figure 3 shows pyridoxal and pyridoxal-5-phosphate plasma levels in rats 
after administration of 3-dimethylcarbamoylaminal. 
5 Figure 4 shows pyridoxal and pyridoxal-5-phosphate plasma levels in rats 

after administration of 3-acetylsalicoylaminal. 

DESCRIPTION OF THE INVENTION 
The present invention provides for 3-acylated pyridoxal analogues, 
1 0 pharmaceutical compositions, and methods for treatment of cardiovascular and 
related diseases, vitamin deficiency and related diseases, and melanoma and 
related diseases. 

Cardiovascular and related diseases include, for example, hypertension, 
hypertrophy, congestive heart failure, heart failure subsequent to myocardial 
15 infarction, arrhythmia, myocardial ischemia, myocardial infarction, ischemia 

reperfusion injury, blood coagulation, platelet aggregation, and diseases that arise 
from thrombotic and prothrombotic states in which the coagulation cascade is 
activated. 

Heart failure is a pathophysiological condition in which the heart is unable to 

20 pump blood at a rate commensurate with the requirement of the metabolizing tissues 
or can do so only from an elevated filling pressure (increased load). Thus, the heart 
has a diminished ability to keep up with its workload. Over time, this condition 
leads to excess fluid accumulation, such as peripheral edema, and is referred to as 
congestive heart failure. 

25 When an excessive pressure or volume load is imposed on a ventricle, 

myocardial hypertrophy (i.e., enlargement of the heart muscle) develops as a 
compensatory mechanism. Hypertrophy permits the ventricle to sustain an increased 
load because the heart muscle can contract with greater force. However, a ventricle 
subjected to an abnormally elevated load for a prolonged period eventually fails to 

30 sustain an increased load despite the presence of ventricular hypertrophy, and pump 
failure can ultimately occur. 

Heart failure can arise from any disease that affects the heart and interferes 
with circulation. For example, a disease that increases the heart muscle's workload, 
such as hypertension, will eventually weaken the force of the heart's contraction. 

35 Hypertension is a condition in which there is an increase in resistance to blood flow 



WO 00/53606 PCT/IBOO/00255 

through the vascular system. This resistance leads to increases in systolic and/or 
diastolic blood pressures. Hypertension places increased tension on the left 
ventricular myocardium, causing it to stiffen and hypertrophy, and accelerates the 
development of atherosclerosis in the coronary arteries. The combination of 
5 increased demand and lessened supply increases the likelihood of myocardial 
ischemia leading to myocardial infarction, sudden death, arrhythmias, and 
congestive heart failure. 

Ischemia is a condition in which an organ or a part of the body fails to 
receive a sufficient blood supply. When an organ is deprived of a blood supply, it is 

10 said to be hypoxic. An organ will become hypoxic even when the blood supply 
temporarily ceases, such as during a surgical procedure or during temporary artery 
blockage. Ischemia initially leads to a decrease in or loss of contractile activity. 
When the organ affected is the heart, this condition is known as myocardial 
ischemia, and myocardial ischemia initially leads to abnormal electrical activity. 

15 This can generate an arrhythmia. When myocardial ischemia is of sufficient severity 
and duration, cell injury can progress to cell death — i.e., myocardial infarction — and 
subsequently to heart failure, hypertrophy, or congestive heart failure. 

When blood flow resumes to an organ after temporary cessation, this is 
known as ischemic reperfusion of the organ. For example, reperfusion of an 

20 ischemic myocardium can counter the effects of coronary occlusion, a condition that 
leads to myocardial ischemia. Ischemic reperfusion to the myocardium can lead to 
reperfusion arrhythmia or reperfusion injury. The severity of reperfusion injury is 
affected by numerous factors, such as, for example, duration of ischemia, severity of 
ischemia, and speed of reperfusion. Conditions observed with ischemia reperfusion 

25 injury include neutrophil infiltration, necrosis, and apoptosis. 

Drug therapies, using known active ingredients such as vasodilators, 
angiotensin II receptor antagonists, angiotensin converting enzyme inhibitors, 
diuretics, antithrombotic agents, p-adrenergic receptor antagonists, a-adrenergic 
receptor antagonists, calcium channel blockers, and the like, are available for 

30 treating cardiovascular and related diseases. 

Vitamin B$ deficiency and related diseases include hyperhomocysteinemia 
and interferences in pathways in which PLP is a coenzyme, for example, glycolysis 
and aerobic metabolism as well as biosynthesis of neurotransmitters 5- 
hydroxytryptamine (serotonin) andy-aminobutyric acid. 



7 
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10 



15 



20 



25 



Melanoma and related diseases include cancer that originates in the pigment- 
producing cells of the skin and metastasized cancer that originated in the pigment- 
producing cells of the skin. Available treatments include surgery, chemotherapy, 
and interleukin-2 immunotherapy. 

The invention is generally directed to 3-acylated pyridoxal analogues, 
compositions including these analogues, and methods of administering 
pharmaceutical compositions containing a therapeutically effective amount of at 
least one of these analogues to treat vitamin B6 deficiency and related diseases, 
cardiovascular and related diseases, and melanoma and related diseases. 

Although this invention is not limited to any particular theory, an analogue 
according to the invention can be advantageous for absorption and concentration 
because of the acylation. To enhance absorption from the digestive tract and across 
biological membranes, polar groups on a drug molecule can be blocked with 
lipophilic functions that will be enzymatically cleaved off from the drug after 
absorption into the circulatory system. Lipophilic moieties can also improve site- 
specificity and bioavailability of the drug. The speed at which the blocking groups 
are removed can be used to control the rate at which the drug is released. The 
blocking of polar groups on the drug can also slow first-pass metabolism and 
excretion. Phenolic hydroxy groups are particularly susceptible to glucoronidation 
and/or sulfonation, reactions that often precede excretion. To reduce metabolism 
and excretion of phenolic drugs, an ester can be used. An ester is a common 
blocking group that is readily hydrolyzed from the drug by endogenous esterases. 
Bundgaard, Design and Application of Prodrugs in A Textbook of Drug Design and 
Development Ch. 5 (Krogsgaard-Larson & Bundgaard, eds., Hardwood Academic 
Publishers, Reading, United Kingdom 1991). 

The compounds of the invention are 3-acylated analogues of pyridoxal. One 
aspect of the invention is a 3-acylated analogue of pyridoxal (2-methyl-3- 
hydroxy-4-formyl-5-hydroxymethylpyridine), which is a compound of formula V: 



CHO 




N 



V 



or a pharmaceutical ly acceptable acid addition salt thereof; wherein 
Ri is alkyl, 
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alkenyl, 

in which alkyl or alkenyl 

can be interrupted by nitrogen, oxygen, or sulfur, and 
can be substituted at the terminal carbon by hydroxy, 

5 alkoxy, 

alkanoyloxy, alkanoyloxyaryl, alkoxyalkanoyl, 
alkoxycarbonyl, or dialkylcarbamoyloxy; 

alkoxy; 

dialkylamino; 
10 alkanoyloxy; 

alkanoyloxyaryl; 

alkoxyalkanoyl; 

alkoxycarbonyl; 

dialkylcarbamoyloxy; or 
15 aryl, 

aryloxy, 

arylthio, or 

aralkyl, 

in which aryl can be substituted by alkyl, alkoxy, amino, hydroxy, 
20 halo, nitro, or alkanoyloxy. 

The term "alkyl" includes a straight or branched saturated aliphatic 
hydrocarbon chain having from 1 to 8 carbon atoms, such as, for example, methyl, 
ethyl, propyl, isopropyl (1-methylethyl), butyl, te/7-butyl (1,1-dimethylethyl), and 
the like. 

25 The term "alkenyl" includes an unsaturated aliphatic hydrocarbon chain 

having from 2 to 8 carbon atoms, such as, for example, ethenyl, 1-propenyl, 2- 

propenyl, 1-butenyl, 2-methyl-l-propenyl, and the like. 

The above alkyl or alkenyl can optionally be interrupted in the chain by a 

heteroatom, such as, for example, a nitrogen, sulfur, or oxygen atom, forming an 
30 alkylaminoalkyl, alkylthioalkyl, or alkoxyalkyl, for example, methylaminoethyl, 

ethylthiopropyl, methoxymethyl, and the like. 

The above alkyl or alkenyl can optionally be substituted at the terminal 

carbon by hydroxy, alkoxy, alkanoyloxyaryl, alkanoyloxy, alkoxyalkanoyl, 

alkoxycarbonyl, or dialkylcarbamoyloxy. 



9 
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The term "alkoxy" includes alkyl as defined above joined to an oxygen atom 
having preferably from 1 to 4 carbon atoms in a straight or branched chain, such as, 
for example, methoxy, ethoxy, propoxy, isopropoxy (1-methylethoxy), butoxy,ter/- 
butoxy (1,1-dimethylethoxy), and the like. 
5 The term "dialkylamino" includes two alkyl groups as defined above joined 

to a nitrogen atom, in which alkyl has preferably 1 to 4 carbon atoms, such as, for 
example, dimethylamino, diethylamino, methylethylamino, methylpropylamino, 
diethylamino, and the like. 

jj) 

The term "alkanoyloxy" includes a group of the formula ^ Allc ) 
1 0 Examples of alkanoyloxy include methanoyloxy, ethanoyloxy , propanoyloxy , and 
the like. Examples of alkyl substituted at the terminal carbon by alkanoyloxy 
include 1 -ethanoyloxy- 1-methylethyl, propanoyloxy- l-methylethyl, and the like. 

The term "alkanoyloxyaryl" includes a group of the formula 

O 

n 

(A\k~C — O — Ar 

k J • Examples of alkanoyloxyaryl include methanoyloxyphenyl, 

1 5 ethanoyloxyphenyl, propanoyloxyphenyl, and the like. 

The term "aryl" includes aromatic hydrocarbyl, including fused aromatic 
rings, such as, for example, phenyl and naphthyl. 

The term "aryloxy" includes aryl having an oxygen atom bonded to an 
aromatic ring, such as, for example, phenoxy and naphthoxy. 
20 The term "arylthio" includes aryl having a sulfur atom bonded to an aromatic 

ring, such as, for example, phenylthio and naphthylthio. 

The term "aralkyl" includes aryl having alkyl bonded to an aromatic ring, 
such as, for example, benzyl and naphthylmethyl. 

Aryl from any of aryl, aryloxy, arylthio, aralkyl, and alkanoyloxyaryl can be 
25 unsubstituted or can be substituted on a ring by, for example, C|_ 4 alkyl, C]- 4 alkoxy, 
amino, hydroxy, nitro, halo, or alkanoyloxy. Examples of substituted aryl include 
toluyl, methoxyphenyl, ethylphenyl, and the like. 

The term "alkoxyalkanoyl" includes a group of the formula 



-C- 

30 methyl)propanyl 5 3-ethoxy-3-propanoyl, 3-methoxy-2-propanoyl, and the like. 



^ ) . Examples of alkoxyalkanoyl include (2-acetoxy-2- 
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The term "alkoxycarbonyl" includes a group of the formula 

_ J_ 

(Alk o C ) Examples of alkoxycarbonyl include methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, and the like. 

The term "dialkylcarbamoyloxy" includes a group of the formula 

5 v ' . Examples of dialkylcarbamoyloxy include dimethylamino- 

methanoyloxy, 1 -ethyl- 1-methylaminomethanoyloxy, and the like. Examples of 
alkyl substituted at the terminal carbon by alkanoyloxy include dimethylamino-1- 
methylethyl, l^ethyl-l-methylaminomethanoyloxy-l-methlethyl, and the like. 
The term "halo" includes bromo, chloro, and fluoro. Preferably halo is 

10 fluoro. 

Ri groups for compounds of formula V can be toluyl, naphthyl, phenyl, 
phenoxy, dimethylamino, 2,2-dimethylethyl, ethoxy, (2-acetoxy-2- 
methyl)propanyl, l-ethanoyloxy-l-methylethyI,/er/-butyl, acetylsalicyl, and 
ethanoy loxy phenyl . 

1 5 Preferred R, groups for compounds of formula V are toluyl or naphthyl. 

Such 

O 
ii 

Ri groups when joined with a carbonyl group form an acyl group R,C ~ which 

preferred for compounds of formula V include toluoyl or /Hiaphthoyl. Of the 

toluoyl group, the /Hsomer is more preferred. 
20 Examples of 3-acylated analogues of pyridoxal include, but are not limited 

to, 2-methyl-3-toluoyloxy-4-formyl-5-hydroxymethylpyridine and 2-methyl-^- 

naphthoyloxy-4-formyl-5-hydroxymethylpyridine. 

Another aspect of the invention is a 3-acylated analogue of pyridoxal-4,5- 

aminal (1 -secondary amino- l,3 - dihydro-7-hy droxy-6-methylfiiro(3,4~ 
25 c)pyridine), which is a compound of formula VI: 




VI 



n 
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or a pharmaceutically acceptable acid addition salt thereof; wherein 
Ri is alkyl, 
alkenyl, 

5 in which alkyl or alkenyl 

can be interrupted by nitrogen, oxygen, or sulfur, and 
can be substituted at the terminal carbon by hydroxy, 

alkoxy, 

alkanoyloxy, alkanoyloxyaryl, alkoxyalkanoyl, 
1 0 alkoxycarbonyl, or dialkylcarbamoyloxy ; 

alkoxy; 

dialkylamino; 

alkanoyloxy; 

alkanoyloxyaryl; 
15 alkoxyalkanoyl; 

alkoxycarbonyl; 

dialkylcarbamoyloxy; or 

aryl, 

aryloxy, 
20 arylthio, or 

aralkyl, 

in which aryl can be substituted by alkyl, alkoxy, amino, hydroxy, 
halo, nitro, or alkanoyloxy; and 
R2 is a secondary amino group. 
25 The terms "alkyl," "alkenyl," "alkoxy," "dialkylamino," "alkanoyloxy," 

"alkanoyloxyaryl," "alkoxyalkanoyl," "alkoxycarbonyl," "dialkylcarbamoyloxy," 
"halo," "aryl," "aryloxy," "arylthio," and "aralkyl" are as defined above. 

The term "secondary amino" group includes a group of formula VII: 



N— 

VII 



30 



derived from a secondary amine R3R4NH, in which R3 and R4 are each 
independently alkyl, alkenyl, cycloalkyl, aryl, or, when 1% and R4 are taken together, 
may form a ring with the nitrogen atom and which may be interrupted by a 

12 
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heteroatom, such as, for example, a nitrogen, sulfur, or oxygen atom. The terms 
"alkyl," "alkenyl," and "aryl" are used as defined above in forming secondary amino 
groups such as, for example, dimethylamino, methylethylamino, diethylamino, 
dialkylamino, phenylmethylamino, diphenylamino, and the like. 
5 The term "cycloalkyl" refers to a saturated hydrocarbon having from 3 to 8 

carbon atoms, preferably 3 to 6 carbon atoms, such as, for example, cyclopropyl, 
cyclopentyl, cyclohexyl, and the like. 

When R 3 and R4 are taken together to form a ring with the nitrogen atom, a 
cyclic secondary amino group, such as, for example, piperidino, can be formed. 
1 0 And, when the cyclic secondary amino group is interrupted with a heteroatom, a 
group such as, for example, piperazdno or morpholino can be formed. 

Ri groups for compounds of formula VI can be toluyl, naphthyl, phenyl, 
phenoxy, dimethylamino, 2,2-dimethylethy 1, ethoxy, (2-acetoxy-2- 
methyl)propanyl, l-ethanoyloxy-l-methylethyl,/^r^butyl, acetylsalicyl, and 
1 5 ethanoyloxyphenyl. 

Preferred Rj groups for compounds of formula VI include toluyl, e.g.,/r- 
toluyl, naphthyl, terr-butyl, dimethylamino, acetylphenyl, hydroxyphenyl, or alkoxy, 
e.g., methoxy. Such R] groups when joined with a carbonyl group form an acyl 

O 
11 

group RlC which preferred for compounds of formula VI include toluoyl, fh 
20 naphthoyl, pivaloyl, dimethylcarbamoyl, acetylsalicyloyl, salicyloyl, or 

alkoxycarbonyl. A preferred secondary amino group may be morpholino. 

Examples of 3-acylated analogues of pyridoxal-4,5-aminal include, but are 

not limited to, l-morpholino~l,3-dihydro-7-(j^toluoyloxy)-6-methyIfiiro(3,4-- 

c)pyridine; l-morpholino-l,3-dihydro-7-(/^-naphthoyloxy)-6~methylfuro(3,4- 
25 c)pyridine; 1 -morpholino- l,3~dihydro-7-pi valoyloxy-6-methylfuro(3,4- 

c)pyridine; 1 -morpholino-1 ,3-dihydro-7-carbamoyloxy-6-metfiylfuro(3,4- 

c)pyridine; and 1 -morpholino-1 ,3-dihydro-7-acety lsalicyloxy-6-methylfuro(3,4- 

c)pyridine. 

Pharmaceutically acceptable acid addition salts of the compounds of 
30 formulas V and VI include salts derived from nontoxic inorganic acids such as 
hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydriodic, hydrofluoric, 
phosphorous, and the like, as well as the salts derived from nontoxic organic acids, 
such as aliphatic mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, 
hydroxy alkanoic acids, alkanedioic acids, aromatic acids, aliphatic and aromatic 

13 
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sulfonic acids, etc. Such salts thus include sulfate, pyrosulfate, bisulfate, sulfite, 
bisulfite, nitrate, phosphate, monohydrogenphosphate, dihydrogenphosphate, 
metaphosphate, pyrophosphate, chloride, bromide, iodide, acetate, trifluoroacetate, 
propionate, caprylate, isobutyrate, oxalate, malonate, succinate, suberate, sebacate, 
5 fumarate, maleate, maridelate, benzoate, chlorobenzoate, methylbenzoate, 
dinitrobenzoate, phthalate, benzenesulfonate, toluenesulfonate, phenylacetate, 
citrate, lactate, maleate, tartrate, methanesulfonate, and the like. Also contemplated 
are salts of amino acids such as arginate and the like and gluconate, galacturonate, 
n-methyl glutamine, etc. (see, e.g., Berge et al., J. Pharmaceutical Science, 66: 1-19 
10 (1977). 

The acid addition salts of the basic compounds are prepared by contacting the 
free base form with a sufficient amount of the desired acid to produce the salt in the 
conventional manner. The free base form may be regenerated by contacting the salt 
form with a base and isolating the free base in the conventional manner. The free 
15 base forms differ from their respective salt forms somewhat in certain physical 

properties such as solubility in polar solvents, but otherwise the salts are equivalent 
to their respective free base for purposes of the present invention. 

The compounds of formula V can be prepared by reacting pyridoxal 
hydrochloride with an acyl halide in an aprotic solvent. A suitable acyl group 

O 

it 

R C — 

20 is 1 , wherein Ri is as defined above. A particularly suitable acyl halide 
includes p-toluoyl chloride or /?-naphthoyl chloride. A suitable aprotic solvent 
includes acetone, methylethylketone, and the like. 

The compounds of formula VI can be prepared by reacting 1 -secondary 
amino- l,3-dihydro-7-hydroxy-6-methylfuro(3,4-c)pyridine with an acyl halide in 

O 

25 an aprotic solvent. An acyl group is 1 w wherein R| is as defined above. A 

particularly suitable acyl halide includes /r-toluoyl chloride, /?-naphthoyl chloride, 
trimethylacetyl chloride, dimethylcarbamoyl chloride, and acetylsalicyloyl chloride. 
A particularly suitable secondary amino group includes morpholino. 

The compound 1 -morpholino- 1 ,3-dihydro-7-hydroxy-6-methylfuro(3,4- 

30 c)pyridine may be prepared by methods known in the art, for example, by reacting 
morpholine and pyridoxal hydrochloride at a temperature of about 100°C in a 
solvent A suitable solvent includes, for example, toluene. Similarly, other 
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secondary amines as defined for R2 may be used as reactants to prepare the 
appropriate 

1 -secondary amino compounds. 

The compounds of formula V may alternatively be prepared from the 
5 compounds of formula VI by reacting a compound of formula VI with an aqueous 
acid, such as, for example, aqueous acetic acid. 

One skilled in the art would recognize variations in the sequence and would 
recognize variations in the appropriate reaction conditions from the analogous 
reactions shown or otherwise known that may be appropriately used in the above- 
1 0 described processes to make the compounds of formula V and VI herein. 

The products of the reactions described herein are isolated by conventional 
means such as extraction, distillation, chromatography, and the like. 

In accordance with the present invention, the analogues can be used in the 
treatment of vitamin B6 deficiency and related diseases; in the treatment of 
1 5 cardiovascular and related diseases; and in the treatment of melanoma and related 
diseases. 

As already discussed, vitamin Be deficiency and related diseases include, for 
example, hyperhomocysteinemia and interferences in pathways in which PLP is a 
coenzyme, for example, glycolysis and aerobic metabolism as well as biosynthesis of 

20 neurotransmitters 5-hydroxytryptamine (serotonin) and y-aminobutyric acid. 

Cardiovascular and related diseases include, for example, hypertension, 
hypertrophy, congestive heart failure, heart failure subsequent to myocardial 
infarction, arrhythmia, myocardial ischemia, myocardial infarction, ischemia 
reperfusion injury, blood coagulation, platelet aggregation, and diseases that arise 

25 from thrombotic and prothrombotic states in which the coagulation cascade is 
activated. 

Melanoma and related diseases include, for example, cancer that originates in 
the pigment-producing cells of the skin and metastasized cancer that originated in 
the pigment-producing cells of the skin. 

30 "Treatment" and "treating" as used herein include preventing, inhibiting, 

alleviating, and healing vitamin 1*6 deficiency and related diseases; cardiovascular 
and related diseases; melanoma and related diseases; or symptoms thereof. 
Treatment can be carried out by administering a therapeutically effective amount of a 
compound of the invention. A "therapeutically effective amount" as used herein 

35 includes a prophylactic amount, for example, an amount effective for preventing or 
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protecting against vitamin B 6 deficiency and related diseases; cardiovascular and 
related diseases; melanoma and related diseases; or symptoms thereof, and amounts 
effective for alleviating or healing vitamin B6 deficiency and related diseases; 
cardiovascular and related diseases; or melanoma and related diseases; or symptoms 
5 thereof. 

A physician or veterinarian of ordinary skill readily determines a subject who 
is exhibiting symptoms of any one or more of the diseases described above. 
Regardless of the route of administration selected, the compounds of the present 
invention of formula V or VI or a pharmaceutical^ acceptable acid addition salt 

10 thereof can be formulated into pharmaceutical^ acceptable unit dosage forms by 
conventional methods known to the pharmaceutical art. An effective but nontoxic 
quantity of the compound is employed in treatment. The compounds can be 
administered in enteral unit dosage forms, such as, for example, tablets, sustained- 
release tablets, enteric coated tablets, capsules, sustained-release capsules, enteric 

1 5 coated capsules, pills, powders, granules, solutions, and the like. They can also be 
administered parenterally, such as, for example, subcutaneously, intramuscularly, 
intradermally, intramammarally, intravenously, and other administrative methods 
known in the art. 

Although it is possible for a compound of the invention to be administered 
20 alone in a unit dosage form, preferably the compound is administered in admixture 
as a pharmaceutical composition. A pharmaceutical composition comprises a 
pharmaceutically acceptable carrier and a compound of formula V, VI, or a 
pharmaceutical^ acceptable acid addition salt thereof. A pharmaceutically 
acceptable carrier includes, but is not limited to, physiological saline, ringers, 
25 phosphate-buffered saline, and other carriers known in the art. Pharmaceutical 
compositions can also include additives, for example, stabilizers, antioxidants, 
colorants, excipients, binders, thickeners, dispersing agents, readsorpotion 
enhancers, buffers, surfactants, preservatives, emulsifiers, isotonizing agents, and 
diluents. Pharmaceutically acceptable carriers and additives are chosen such that 
30 side effects from the pharmaceutical compound are minimized and the performance 
of the compound is not canceled or inhibited to such an extent that treatment is 
ineffective. 

Methods of preparing pharmaceutical compositions containing a 
pharmaceutically acceptable carrier and therapeutic compound of formula V or VI or 
35 a pharmaceutically acceptable acid addition salt thereof are known to those of skill 
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in the art. All methods can include the step of bringing the compound of the 
invention in association with the carrier and additives. The formulations generally 
are prepared by uniformly and intimately bringing the compound of the invention 
into association with a liquid carrier or a finely divided solid carrier or both, and 
5 then, if necessary, shaping the product into the desired unit dosage form. 

The ordinarily skilled physician or veterinarian will readily determine and 
prescribe the therapeutically effective amount of the compound to treat the disease 
for which treatment is administered. In so proceeding, the physician or veterinarian 
could employ relatively low dosages at first, subsequently increasing the dose until a 

10 maximum response is obtained. Typically, the particular disease, the severity of the 
disease, the compound to be administered, the route of administration, and the 
characteristics of the mammal to be treated, for example, age, sex, and weight, are 
considered in determining the effective amount to administer. Administering a 
therapeutic amount of a compound of the invention for treating vitamin B6 

1 5 deficiency and related diseases; cardiovascular and related diseases; melanoma and 
related diseases; or symptoms thereof, is in a range of about 0.1-100 mg/kg of a 
patient's body weight, more preferably in the range of about 0.5-50 mg/kg of a 
patient's body weight, per daily dose. The compound can be administered for 
periods of short and long duration. Although some individual situations can warrant 

20 to the contrary, short-term administration, for example, 30 days or less, of doses 
larger than 25 mg/kg of a patient's body weight is preferred to long-term 
administration. When long-term administration, for example, months or years, is 
required, the suggested dose should not exceed 25 mg/kg of a patient's body weight. 
A therapeutically effective amount of a compound for treating the above- 

25 identified diseases or symptoms thereof can be administered prior to, concurrently 
with, or after the onset of the disease or symptom. 

The compound can be administered to treat vitamin 1*6 deficiency and related 
diseases. 

The compound also can be administered to treat cardiovascular and related 
30 diseases, for example, hypertrophy, hypertension, congestive heart failure, heart 
failure subsequent to myocardial infarction, myocardial ischemia, ischemia 
reperfiision injury, arrhythmia, myocardial infarction, blood coagulation, or platelet 
aggregation. Preferably, the cardiovascular disease treated is hypertrophy or 
congestive heart failure. Still preferably, the cardiovascular disease treated is 



17 



WO 00/53606 PCT/IBOO/00255 

arrhythmia. Also preferably, the cardiovascular disease treated is ischemia 
reperfusion injury. 

The compound can also be administered to treat cardiovascular diseases and 
other diseases that arise from thrombotic and prothrombotic states in which the 
5 coagulation cascade is activated, such as, for example, deep vein thrombosis, 
disseminated intravascular coagulopathy, Kasabach-Merritt syndrome, pulmonary 
embolism, myocardial infarction, stroke, thromboembolic complications of surgery, 
and peripheral arterial occlusion. A compound of the invention may also be useful 
in the treatment of adult respiratory distress syndrome, septic shock, septicemia, or 

10 inflammatory responses, such as edema and acute or chronic atherosclerosis, because 
thrombin has been shown to activate a large number of cells outside of the 
coagulation process, such as, for example, neutrophils, fibroblasts, endothelial cells, 
and smooth muscle cells. 

Moreover, the compound can be administered concurrently with compounds 

15 that are already known to be suitable for treating the above-identified diseases. For 
example, methods of the invention include concurrently administering a compound 
of formula V, VI, or a pharmaceutical^ acceptable acid addition salt thereof, or a 
mixture thereof with a therapeutic cardiovascular compound to treat hypertrophy, 
hypertension, congestive heart failure, heart failure subsequent to myocardial 

20 infarction, myocardial ischemia, ischemia reperfusion injury, arrhythmia, or 

myocardial infarction. Preferably the cardiovascular disease treated is hypertrophy 
or congestive heart failure. Still preferably, the cardiovascular disease treated is 
arrhythmia. Also preferably, the cardiovascular disease treated is ischemia 
reperfusion injury. 

25 Therapeutic cardiovascular compounds that can be concurrently administered 

with a compound of the invention include an angiotensin converting enzyme 
inhibitor, an angiotensin II receptor antagonist, a calcium channel blocker, an 
antithrombolytic agent, a p-adrenergic receptor antagonist, a vasodilator, a diuretic, 
an a-adrenergic receptor antagonist, an antioxidant, and a mixture thereof. A 

30 compound of the invention also can be concurrently administered with PPADS 
(pyridoxal phosphate-6-azophenyl-2',4'-disulphonic acid), also a therapeutic 
cardiovascular compound, or with PPADS and another known therapeutic 
cardiovascular compound as already described. 

Preferably a therapeutic cardiovascular compound, which is concurrently 

35 administered with a compound of formula V, VI, or a pharmaceutical^ acceptable 
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acid addition salt thereof, or a mixture thereof, is an angiotensin converting enzyme 
inhibitor, an angiotensin II receptor antagonist, or a diuretic. Still preferably, the 
therapeutic cardiovascular compound is an a-adrenergic receptor antagonist. Also 
preferably, the therapeutic cardiovascular compound is a calcium channel blocker. 
5 These therapeutic cardiovascular compounds are generally used to treat 

cardiovascular and related diseases as well as symptoms thereof A skilled physician 
or veterinarian readily determines a subject who is exhibiting symptoms of any one 
or more of the diseases described above and makes the determination about which 
compound is generally suitable for treating specific cardiovascular conditions and 
10 symptoms. 

For example, myocardial ischemia can be treated by the administration of, for 
example, angiotensin converting enzyme inhibitor, an angiotensin II receptor 
antagonist, a calcium channel blocker, an antithrombolytic agent, a p-adrenergic 
receptor antagonist, a diuretic, an a-adrenergic receptor antagonist, or a mixture 
1 5 thereof. In some instances, congestive heart failure can be treated by the 
administration of, for example, angiotensin converting enzyme inhibitor, an 
angiotensin II receptor antagonist, a calcium channel blocker, a vasodilator, a 
diuretic, or a mixture thereof. 

Myocardial infarction can be treated by the administration of, for example, 
20 angiotensin converting enzyme inhibitor, a calcium channel blocker, an 

antithrombolytic agent, a p-adrenergic receptor antagonist, a diuretic, an a- 
adrenergic receptor antagonist, or a mixture thereof. 

Hypertension can be treated by the administration of, for example, 
angiotensin converting enzyme inhibitor, a calcium channel blocker, a p-adrenergic 
25 receptor antagonist, a vasodilator, a diuretic, an a-adrenergic receptor antagonist, or 
a mixture thereof. 

Moreover, arrhythmia can be treated by the administration of, for example, a 
calcium channel blocker, a p-adrenergic receptor antagonist, or a mixture thereof. 
Antithrombolytic agents are used for reducing or removing blood clots from 
30 arteries. 

Hypertrophy can be treated by the administration of, for example, an 
angiotensin converting enzyme inhibitor, an angiotensin II receptor antagonist, a 
calcium channel blocker, or a mixture thereof. 
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Ischemia reperfusion injury can be treated by the administration of, for 
example, an angiotensin converting enzyme inhibitor, an angiotensin II receptor 
antagonist, a calcium channel blocker, or a mixture thereof 

Known angiotensin converting enzyme inhibitors include, for example, 
5 captopril, enalapril, lisinopril, benazapril, fosinopril, quinapril, ramipril, spirapril, 
imidapril, and moexipril. 

Examples of known angiotensin II receptor antagonists include both 
angiotensin I receptor subtype antagonists and angiotensin II receptor subtype 
antagonists. Suitable antiotensin II receptor antagonists include losartan and 
10 valsartan. 

Suitable calcium channel blockers include, for example, verapamil, 
diltiazem, nicardipine, nifedipine, amlodipine, felodipine, nimodipine, and bepridil. 

Antithrombolytic agents known in the art include antiplatelet agents, aspirin, 
and heparin. 

1 5 Examples of known (^-adrenergic receptor antagonists include atenolol, 

propranolol, timolol, and metoprolol. 

Suitable vasodilators include, for example, hydralazine, nitroglycerin, and 
isosorbide dinitrate. 

Suitable diuretics include, for example, furosemide, diuril, amiloride, and 
20 hydrodiuril. 

Suitable a-adrenergic receptor antagonists include, for example, prazosin, 
doxazocin, and labetalol. 

Suitable antioxidants include vitamin E, vitamin C, and isoflavones. 

A compound of formula V or VI, a pharmaceutical^ acceptable acid addition 
25 salt thereof, or a mixture thereof and a therapeutic cardiovascular compound can be 
administered concurrently. "Concurrent administration" and "concurrently 
administering" as used herein includes administering a compound of the invention 
and a therapeutic cardiovascular compound in admixture, such as, for example, in a 
pharmaceutical composition or in solution, or as separate compounds, such as, for 
30 example, separate pharmaceutical compositions or solutions administered 

consecutively, simultaneously, or at different times but not so distant in time such 
that the compound of the invention and the therapeutic cardiovascular compound 
cannot interact and a lower dosage amount of the active ingredient cannot be 
administered. 
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A compound of formula V or VI, a pharmaceutical^ acceptable acid addition 
salt thereof, or a mixture thereof also can be administered to treat melanoma and 
related diseases. 

The method of the invention also includes concurrently administering a 
5 compound of formula V or VI, a pharmaceutically acceptable acid addition salt 
thereof, or a mixture thereof with interleukin-2 immunotherapy to treat melanoma 
and related diseases. 

"Concurrent administration" and "concurrently administering" as used herein 
includes administering a compound of formula V or VI, a pharmaceutically 
1 0 acceptable acid addition salt thereof, or a mixture thereof and interleukin-2 
immunotherapy in admixture, such as, for example, in a pharmaceutical 
composition, or as separate compounds, such as, for example, separate 
pharmaceutical compositions administered consecutively, simultaneously, or at 
different times. Preferably, if the compound and interleukin-2 immunotherapy are 
1 5 administered separately, they are not administered so distant in time from each other 
that the compound and the interleukin-2 immunotherapy cannot interact and a lower 
dosage amount of interleukin-2 immunotherapy cannot be administered. 

This invention will be further characterized by the following examples. 
These examples are not meant to limit the scope of the invention, which has been 
20 fully set forth in the foregoing description. Variations within the scope of the 
invention will be apparent to those skilled in the art. 

EXAMPLES 

All reagents used in the following Examples can be purchased from Aldrich 
25 (Milwaukee, WI or Allentown, PA). 

Example 1 : Synthesis of morpholine pvridoxal-4.5-aminal n-morpholino-1.3- 
dihvdro-7-hvdroxy~6~methvlfuroG.4-c^pvridine) 
A mixture of morpholine (20g) and toluene (lOOmL) was stirred and heated 
using an oil bath set to 100°C for 15 minutes. Pyridoxal hydrochloride (lOg) was 
30 then added and the reaction mixture was stirred at 100°C for two hours. The 

reaction mixture was then concentrated by distillation of the toluene and morpholine. 
The concentrated reaction mixture was washed three times by adding toluene 
(lOOmL) and removing the toluene by distillation. After washing, the residue was 
dissolved in toluene and filtered, and then hexane was added until precipitation 
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began, at which time the reaction mixture was left overnight at room temperature. 
Crystals were collected and washed thoroughly with hexane. 

Nuclear magnetic resonance spectroscopy (NMR) and mass spectroscopy 
confirmed the identity of the synthesized compound. The purity of the compound 
5 was analyzed by high performance liquid chromatography (HPLC) using a C-l 8 
reverse phase column and water/acetonitrile as solvent (1-100% acetonitrile over 25 
minutes). 

The product can be represented by the formula: 




10 

Example 2: Synthesis of the 3-toluate of the morpholine pvridoxal-4.5-aminal 
( 1 -morpholino-1 3-dihvdro-7-fp-toluovloxv)-6-methvlfurof 3 .4- 
c)pyridine> 

Anhydrous powdered potassium carbonate (5g), acetone (lOOmL), and 
1 5 morpholine pyridoxal-4,5-aminal ( 1 -morpholino- 1 ,3-dihy dro-7-hydroxy-6- 

methylfuro(3,4-c)pyridine) (1.11 g, 5 mmoles) were mixed in a nitrogen-cooled, dry 
flask. The reaction mixture was cooled to between 0 and 5°C and then /7-toluoyl 
chloride (1 .06g, 6 mmoles) in acetone (20mL) was added. This mixture was stirred 
for two hours, followed by filtering out the solid and evaporating the solution to 
20 dryness under vacuum. The residue was chromatographed on silica gel using a 
mixture of ethyl acetate and hexane as solvent. 

The purified solid was analyzed by thin layer chromatography (TLC), NMR, 
and mass spectroscopy. The purity of the synthesized compound was confirmed by 
HPLC as described in Example 1 . 
25 The product can be represented by the formula: 
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H 3 C. 




H 3 C 



10 



15 



Example 3: Synthesis of the 3-toluate of pvridoxal (2-methvl-3-toluovloxv-4- 



Anhydrous potassium carbonate (lOg), acetone (lOOmL), and pyridoxal 
hydrochloride (2.03g, 10 mmoles) were mixed in a nitrogen-cooled, dry flask. The 
mixture was cooled to between 0 and 5°C and then/r-toluoyl chloride (2.12g, 12 
mmoles) in acetone (20mL) was added. The reaction mixture was stirred for two 
hours followed by filtering out the solid and evaporating the solution to dryness 
under vacuum. The residue was chromatographed on silica gel as described in 
Example 2. 

The purified solid was analyzed by TLC, NMR, and mass spectroscopy. The 
purity of the compound was confirmed by HPLC as described in Example 1 . 

Alternative to the above-described method, the 3-toIuate of pyridoxal is 
synthesized by reacting the compound of Example 2 with 80% aqueous acetic acid at 
60°C for 30 minutes, and then diluting with water and extracting by ethyl acetate. 
The ethyl acetate layer is washed with 5% aqueous sodium bicarbonate, dried with 
magnesium sulfate, and evaporated to dryness. The compound is also analyzed as 
described supra. 

The product can be represented by the formula: 



formvI-5-hvdroxymethvlpvridine^ 




H 3 C 
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Example 4: Synthesis of 3-ff-naphthoate of the morpholine pvridoxal-4.5- 
aminal ( 1 -morpholino- 1 .3-dihvdro-7-f /?-naphthovloxy Y-6- 
methvlfurof 3 .4-ctpvridme^ 
Anhydrous powdered potassium carbonate (5g), acetone (lOOmL), and 
5 morpholine pyridoxal-4,5-aminal (l-morpholino-l,3-dihydro-7-hydroxy-6- 
methylfiiro(3,4-c)pyridine) (1.1 lg, 5 mmoles) were mixed in a nitrogen-cooled, dry 
flask. The mixture was cooled to between 0 and 5°C and then /Hiaphthoyl chloride 
(1.06g, 6 mmoles) in acetone (20mL) was added. The reaction mixture was stirred 
for two hours, and then the solid was filtered out and the solution was evaporated to 
10 dryness under vacuum. The residue was chromatographed according to Example 2. 

The purified solid was analyzed according to Example 2, and the purity was 
confirmed according to Example 1. 

The product can be represented by the formula: 




H 3 C 



15 

ExampleS: Synthesis of the 3-/?-naphthoate of pvridoxal f2-methvl-3-/?- 
naphthovloxy-4~fonnvl-5-hvdroxvmethvlpvridine^ 
Anhydrous potassium carbonate (lOg), acetone ( 1 OOmL), and pyridoxal 
hydrochloride (2.03g, 10 mmoles) were mixed in a nitrogen-cooled, dry flask. The 
20 mixture was cooled to between 0 and 5°C and then /?~naphthoyl chloride (2.12g, 12 
mmoles) in acetone (20mL) was added and the mixture was stirred for two hours. 
The solid was filtered out and the solution was evaporated to dryness under vacuum. 
The residue was chromatographed according to Example 2. 

The purified solid was analyzed according to Example 2, and the purity was 
25 confirmed according to Example 1 . 

Alternative to the above-described synthesis, the 3-y#-naphthoate of 
pyridoxal is prepared by reacting the compound of Example 4 with 80% aqueous 
acetic acid at 60°C for 30 minutes, followed by diluting with water and extracting by 
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ethyl acetate. The ethyl acetate layer is then washed with 5% aqueous sodium 
bicarbonate, dried with magnesium sulfate, and evaporated to dryness. The 
compound is also analyzed as described supra. 

The product can be represented by the formula: 



5 




CH 2 OH 



Example 6: Synthesis of 3-pivalovl of the morpholine pvridoxal-4.5-aminal 
morpholino~L3-dihvdro-7-pivalovloxvV6-methvlfuroG.4- 
clpyridine) 

1 0 Anhydrous powdered potassium carbonate (5g), acetone ( 1 OOmL), and 

morpholine pyridoxal-4,5-aminaI (l-morpholino-l,3-dihydro~7-hydroxy-6- 
methylfiiro(3,4-c)pyridine) (1.1 lg, 5 mmoles) were mixed in a nitrogen-cooled, dry 
flask. The mixture was cooled to between 0 and 5°C and then pivaloyl chloride 
(trimethylacetyl chloride) (720mg, 6 mmoles) in acetone (20mL) was added. The 

1 5 reaction mixture was stirred for two hours. The solid was then filtered out and the 
solution was evaporated to dryness under vacuum. The residue was 
chromatographed according to Example 2. 

The purified solid was analyzed according to Example 2, and the purity was 
confirmed according to Example 1 . 

20 The product can be represented by the formula: 
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Example 7: Synthesis of 3-dimethvlcarbamovl of the morpholine pvridoxal-4.5- 
aminal f 1 -morpholino- 1 3-dihvdro-7-( dimethvlcarbamovloxv V-6- 
methvlfurof 3 .4-c)pyridine) 
Anhydrous powdered potassium carbonate (5g), acetone (lOOmL), and 
5 morpholine pyridoxal-4,5-aminal (1-morpholino-l ,3-dihydro-7-hydroxy-6- 
methylfuro(3,4-c)pyridine) (1.1 lg, 5 mmoles) were mixed in a nitrogen-cooled, dry 
flask. The mixture was cooled to between 0 and 5°C and then dimethylcarbamoyl 
chloride (642mg, 6 mmoles) in acetone (20mL) was added. The reaction mixture 
was stirred for two hours. The solid was then filtered out and the solution was 
10 evaporated to dryness under vacuum. The residue was chromatographed according 
to Example 2. 

The purified solid was analyzed according to Example 2, and the purity was 
confirmed according to Example 1 . 

The product can be represented by the formula: 



15 




Example 8: Synthesis of 3-acetvlsalicvloyl of the morpholine pvridoxal-4.5- 
aminal ( 1 -morpholino- 1 .3-dihvdro-7-acetvlsalicvloxv^-6~ 
methvlfurof 3 .4-c)pvridine) 

20 Anhydrous powdered potassium carbonate (5g), acetone ( 1 OOmL), and 

morpholine pyridoxal-4,5-aminal (1 -morpholino- 1,3-dihy dro-7-hydroxy-6- 
methylfuro(3,4-c)pyridine) (1 .1 lg, 5 mmoles) were mixed in a nitrogen-cooled, dry 
flask. The mixture was cooled to between 0 and 5°C and then acetylsalicyloyl 
chloride (1 .09g, 6 mmoles) in acetone (20mL) was added. The reaction mixture was 

25 stirred for two hours. The solid was then filtered out and the solution was 

evaporated to dryness under vacuum. The residue was chromatographed according 
to Example 2. 
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The purified solid was analyzed according to Example 2, and the purity was 
confirmed according to Example 1 . 

The product can be represented by the formula: 



Example 9: Bioavailability of Pvridoxal-5HPhosphate and Pvridoxal after the 



The bioavailability of pyridoxal-5 '-phosphate and pyridoxal after the 
administration of a compound of the invention was determined by measuring 
pyridoxal-5-phosphate and pyridoxal levels in blood plasma after administering a 
compound of the invention to rats. 

The rats studied were twelve male Sprague-Dawley rats (Charles River, 
Montreal, Canada) chosen at random. These rats were divided into four groups. The 
first group was administered pyridoxal-5-phosphate (Sigma, Milwaukee, WI) as a 
control; the second group was administered 3-pivaloyIaminal (synthesized 
according to Example 6); the third group was administered 3- 
dimethylcarbamoylaminal (synthesized according to Example 7); and the fourth 
group was administered 3-acetylsalicoylaminal (synthesized according to 
Example 8). 

Approximately 24 to 48 hours prior to administering pyridoxal-5 -phosphate 
or a compound of the invention to the rats, an initial blood sample (500-600 jaL) 
was obtained from each rat. The blood samples were collected from the orbital sinus 
of each rat according to standard methods. The blood samples were placed into 
EDTA-Microtainer Brand Tubes (Becton Dickinson) and the plasma was separated 
from blood by centrifugation. The plasma samples were stored at -80°C. After 
withdrawal of the blood sample, each rat was then intravenously injected with saline 
in an amount equivalent to the blood withdrawn. 




H 3 C 



Administration of a Compound of the Invention 
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Each rat fasted for eight hours prior to administering pyridoxal-5-phosphate 
or a compound of the invention. Each rat then received by oral gavage pyridoxal- 
5'-phosphate or a compound of the invention (10 mg/kg of body weight) according 
to the group with which the rat was identified. 
5 Blood samples were then collected from each rat as described above and 

stored as described above. Blood samples were collected at about 15, 30, 60, 180, 
360, 720, 1440, and 2160 minutes after administration of pyridoxal-5 ! -phosphate or 
the compound of the invention. 

After all samples were collected, the frozen plasma samples were thawed at 

1 0 about room temperature, and the pyridoxal-5'-phosphate and pyridoxal levels were 
determined for each sample. To determine the pyridoxal-5-phosphate and 
pyridoxal levels, the protein was first precipitated from the plasma. Each sample of 
protein-free plasma was then combined with perchloric acid and phosphate buffer. 
Each sample was then evaluated by high performance liquid chromotography on a 

15 C-l 8 reverse-phase silica-gel column. Each sample was detected with excitation at 
300 mm and emission at 400 mm. The amounts of pyridoxal-5 -phosphate and 
pyridoxal were quantified using standard curve and integration of the peaks. The 
results are shown in Figures 1-4. 

The results show that 3-pivaloylaminal (Figure 2), 3- 

20 dimethylcarbamoylaminal (Figure 3), and 3-acetylsalicoylaminal (Figure 4) 
provided pyridoxal and pyridoxal-5-phosphate levels comparable to the levels 
provided by administering pyridoxal-5-phosphate (Figure 1). 

It should be noted that, as used in this specification and the appended claims, 
25 the singular forms "a," "an," and "the" include plural referents unless the content 
clearly dictates otherwise. Thus, for example, reference to a composition containing 
"a compound" includes a mixture of two or more compounds. 

Although embodiments of the invention have been described above, it is not 
limited thereto, and it will be apparent to persons skilled in the art that numerous 
30 modifications and variations form part of the present invention insofar as they do not 
depart from the spirit, nature, and scope of the claimed and described invention. 
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WE CLAIM: 

1 . A compound of the formula 




or a pharmaceutical acceptable acid addition salt thereof; wherein 
5 Rj is alkyl, 

alkenyl, 

in which alkyl or alkenyl 

can be interrupted by nitrogen, oxygen, or sulfur, and 
can be substituted at the terminal carbon by hydroxy, 

10 alkoxy, 

alkanoyloxy, alkanoyloxyaryl, alkoxyalkanoyl, 
alkoxycarbonyl, or dialkylcarbamoyloxy; 

alkoxy; 

dialkylamino; 
15 alkanoyloxy; 

alkanoyloxyaryl; 

alkoxyalkanoyl; 

alkoxycarbonyl; 

dialkylcarbamoyloxy; or 
20 aryl, 

aryloxy, 

arylthio, or 

aralkyl, 

in which aryl can be substituted by alkyl, alkoxy, amino, hydroxy, 
25 halo, nitro, or alkanoyloxy. 



2. A compound according to claim 1 , wherein Rj is phenyl or naphthyl in which 
phenyl or naphthyl is unsubstituted or substituted by one or more groups of Q-4 
alkyl, C|-4 alkoxy, amino, hydroxy, halo, nitro, or Q- 4 alkanoyloxy. 

30 

3. A compound according to claim 1, wherein Rj is (2-acetoxy-2- 
methyl)propanyl, dimethylamino, or 1-ethanoyloxy-l-methylethyl. 
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4. 



A compound according to claim 1, wherein Ri is /erf-butyl. 



5. 



A compound according to claim 1 , wherein Rj is methoxy or ethoxy. 



10 



15 



20 



25 



30 



6. A compound according to claim 1 , wherein Rj is toluyl, naphthyl, phenyl, 
acetylphenyl, or 1-ethanoyloxyphenyl. 

7. A compound according to claim 1 , wherein Ri is acetylsalicyl, 
dimethylamino, or 2,2-dimethylethyl. 

8. The compound of claim 1 that is 2-methyI--3-toluoyloxy-4-formyl-~5-- 
hydroxymethylpyridine. 

9. The compound of claim 1 that is 2-methyl-3-/^naphthoyloxy-4-formyl- 
5-hydroxymethyIpyridine. 

10. A pharmaceutical composition comprising: a pharmaceutical^ acceptable 
carrier and a therapeutically effective amount of a compound according to claim 1 . 

11. A pharmaceutical composition of claim 1 0, wherein the pharmaceutical 
composition is in a form suitable for enteral or parenteral administration. 

12. A pharmaceutical composition of claim 10, wherein the compound is 2- 
methyl-3-toluoyloxy-4-formyl-5-hydroxymethylpyridine, 2-methyl~3-^- 
naphthoyloxy-4-formyl-5-hydroxymethylpyridine, or a pharmaceutical^ 
acceptable acid addition salt thereof. 

13. A method of treating vitamin B6 deficiency in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 
according to claim 1 in a unit dosage form. 

14. The method of claim 13, wherein the compound is administered enterally or 
parenterally. 
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15. A method of treating hyperhomocysteinemia in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 
according to claim 1 in a unit dosage form. 

5 16. The method of claim 1 5, wherein the compound is administered enterally or 
parenterally. 

17. A method of treating interferences in glycolysis, aerobic metabolism, 
biosynthesis of serotonin, or biosynthesis ofy-aminobutyric acid in a mammal 

10 comprising: administering to the mammal a therapeutically effective amount of a 
compound according to claim 1 in a unit dosage form. 

1 8. The method of claim 17, wherein the compound is administered enterally or 
parenterally. 

15 

19. A method of treating hypertension in a mammal comprising: administering to 
the mammal a therapeutically effective amount of a compound according to claim 1 
in a unit dosage form. 

20 20. The method of claim 1 9, wherein the compound is administered enterally or 
parenterally. 

21 . The method of claim 19, wherein the compound is administered concurrently 
with a therapeutic cardiovascular compound selected from the group consisting of an 

25 angiotensin converting enzyme inhibitor, a calcium channel blocker, a p-adrenergic 
receptor antagonist, a vasodilator, a diuretic, an a-adrenergic receptor antagonist, 
and a mixture thereof. 

22. A method of treating myocardial infarction in a mammal comprising: 
30 administering to the mammal a therapeutically effective amount of a compound 

according to claim 1 in a unit dosage form. 

23. The method of claim 22, wherein the compound is administered enterally or 
parenterally. 
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24. The method of claim 22, wherein the compound is administered concurrently 
with a therapeutic cardiovascular compound selected from the group consisting of an 
angiotensin converting enzyme inhibitor, a calcium channel blocker, an 

5 antithromblytic agent, a p-adrenergic receptor antagonist, a diuretic, an a- 
adrenergic receptor antagonist, and a mixture thereof. 

25. A method of treating ischemia reperfusion injury in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 

1 0 according to claim 1 in a unit dosage form. 

26. The method of claim 25, wherein the compound is administered enterally or 
parenterally. 

15 27. The method of claim 25, wherein the compound is administered concurrently 
with a therapeutic cardiovascular compound selected from the group consisting of an 
angiotensin converting enzyme inhibitor, an angiotensin II receptor antagonist, a 
calcium channel blocker, and a mixture thereof. 

20 28. A method of treating myocardial ischemia in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 
according to claim 1 in a unit dosage form. 

29. The method of claim 28, wherein the compound is administered enterally or 
25 parenterally. 

30. The method of claim 28, wherein the compound is administered concurrently 
with a therapeutic cardiovascular compound selected from the group consisting of an 
angiotensin converting enzyme inhibitor, an angiotensin II receptor antagonist, a 

30 calcium channel blocker, an antithrombolytic agent, a p-adrenergic receptor 

antagonist, a diuretic, an a-adrenergic receptor antagonist, and a mixture thereof. 

31. A method of treating congestive heart failure in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 

35 according to claim 1 in a unit dosage form. 
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32. The method of claim 3 1 , wherein the compound is administered enterally or 
parenterally. 

5 33. The method of claim 31, wherein the compound is administered concurrently 
with a therapeutic cardiovascular compound selected from the group consisting of an 
angiotensin converting enzyme inhibitor, an angiotensin II receptor antagonist, a 
calcium channel blocker, a vasodilator, a diuretic, and a mixture thereof. 

10 34. A method of treating arrhythmia in a mammal comprising: administering to 
the mammal a therapeutically effective amount of a compound according to claim 1 
in a unit dosage form. 

35. The method of claim 34, wherein the compound is administered enterally or 
15 parenterally. 

36. The method of claim 34, wherein the compound is administered concurrently 
with a therapeutic cardiovascular compound selected from the group consisting of a 
calcium channel blocker, a p-adrenergic receptor antagonist, and a mixture thereof. 

20 

37. A method of treating blood coagulation in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 
according to claim 1 in a unit dosage form. 

25 38. The method of claim 37, wherein the compound is administered enterally or 
parenterally. 

39; The method of claim 37, wherein the compound is administered concurrently 
with an antithrombotic agent. 

30 

40. A method of treating hypertrophy in a mammal comprising: administering to 
the mammal a therapeutically effective amount of a compound according to claim 1 
in a unit dosage form. 
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41 . The method of claim 40, wherein the compound is administered enterally or 
parenterally. 



42. The method of claim 40, wherein the compound is administered concurrently 
5 with a therapeutic cardiovascular compound selected from the group consisting of an 

angiotensin converting enzyme inhibitor, an angiotensin II receptor antagonist, a 
calcium channel blocker, and a mixture thereof. 

43. A method of treating a disease that arises from thrombotic and prothrombotic 
1 0 states in which the coagulation cascade is activated in a mammal comprising: 

administering to the mammal a therapeutically effective amount of a compound 
according to claim 1 in a unit dosage form. 

44. The method of claim 43, wherein the compound is administered enterally or 
15 parenterally. 

45. The method of claim 43, wherein the disease comprises deep vein 
thrombosis. 

20 46. The method of claim 43, wherein the disease comprises disseminated 
intravascular coagulopathy. 

47. The method of claim 43, wherein the disease comprises pulmonary 
embolism. 

25 

48. A method of treating platelet aggregation in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 
according to claim 1 in a unit dosage form. 

30 49. The method according to claim 48, wherein the compound is administered 
enterally or parenterally . 

50. A method of treating melanoma in a mammal comprising: administering to 
the mammal a therapeutically effective amount of a compound according to claim 1 
35 in a unit dosage form. 
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5 1 . The method of claim 50, wherein the compound is administered enterally or 
parenterally. 



5 52. A compound of the formula 



H,C^ N ^ 



or a pharmaceutical^ acceptable acid addition salt thereof; wherein 
Ri is alkyl, 
10 alkenyl, 

in which alkyl or alkenyl 

can be interrupted by nitrogen, oxygen, or sulfur, and 
can be substituted at the terminal carbon by hydroxy, 

alkoxy, 

1 5 alkanoyloxy, alkanoyloxyaryl, alkoxyalkanoyl, 

alkoxycarbonyl, or dialkylcarbamoyloxy; 

alkoxy; 
dialkylamino; 
alkanoyloxy; 
20 alkanoyloxyaryl; 

alkoxyalkanoyl; 
alkoxycarbonyl; 
dialkylcarbamoyloxy; or 
aryl, 

25 aryloxy, 

arylthio, or 
aralkyl, 

in which aryl can be substituted by alkyl, alkoxy, amino, hydroxy, 
halo, nitro, or alkanoyloxy; and 
30 R 2 is a secondary amino group. 
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53. A compound according to claim 52, wherein Rj is phenyl or naphthyl in 
which phenyl or naphthyl is unsubstituted or substituted by one or more groups of 
C]- 4 alkyl, Ci-4 alkoxy, amino, hydroxy, halo, nitro, or Q- 4 alkanoyloxy. 

5 54. A compound according to claim 52, wherein Rj is (2-acetoxy-2- 
methyl)propanyl, dimethylamino, or 1-ethanoyloxy-l-methylethyl. 

55. A compound according to claim 52, wherein Ri is ter/-butyl. 

10 56. A compound according to claim 52, wherein Rj is methoxy or ethoxy. 

57. A compound according to claim 52, wherein R| is toluyl, naphthyl, phenyl, 
or 1-ethanoyloxyphenyl. 

15 58. A compound according to claim 52, wherein R| is dimethylamino, 
acetylsalicyl, or 2,2-dimethylethyl. 

59. A compound according to claim 52, wherein R2 is a group of the formula 

R >\ 

N— 

20 wherein R3 and R4 are each independently alkyl or when taken together form a ring 
with the nitrogen atom and which ring may optionally be interrupted by a nitrogen or 
oxygen atom. 

60. A compound according to claim 59, wherein R2 is piperidino. 

25 

61 . A compound according to claim 59, wherein R2 is morpholino or piperazino. 

62. The compound of claim 52 that is 1 -morpholino- 1 ,3-dihydro-7-(p- 
toluoyIoxy)-6-methylfuro(3,4-c)pyridine. 

30 

63. The compound of claim 52 that is 1 -morpholino- 1 ,3~dihydro-7-(/?- 
naphthoyloxy)-6-methylfuro(3,4nc)pyridine. 
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64. The compound of claim 52 that is l-morphoIino-l,3-dihydro-7- 
pi valoy loxy-6-methy lfiiro(3 ,4^c)pyridine. 



65. The compound of claim 52 that is l-morpholino-l,3-dihydro-7- 
5 (dimethylcarbamoyIoxy-6-methylfuro(3,4-t:)pyridine. 

66. The compound of claim 52 that is 1-morpholino-l ,3-dihydro-7- 
acetyIsalicyloxy-6-me%lfiiro(3,4^)pyridine. 

10 67. A pharmaceutical composition comprising: a pharmaceutical^ acceptable 
carrier and a therapeutically effective amount of a compound according to claim 52. 

68. A pharmaceutical composition of claim 67, wherein the pharmaceutical 
composition is in a form suitable for enteral or parenteral administration. 

15 

69. A pharmaceutical composition of claim 67, wherein the compound is 
selected from the group consisting of l-morpholino-l,3-dihydro-7-()?- 
toluoyloxy)-6-methylfuro(3 J 4-c)pyridine, 1-morpholino- 1 ,3-dihydro-7-(/?- 
naphthoyloxy)-6-methy Iftiro(3,4--c)pyridine, 1 -morpholino- 1 ,3-dihydro-7- 

20 pivaloyloxy-6-methylfuro(3,4-nc)pyridine, 1 -morpholino-1 ,3-dihydro-7- 
carbamoyloxy-6-methylfuro(3 5 4^c)pyridine, 1 -morpholino- 1 ,3-dihydro-7- 
acetylsalicyIoxy~6-methylfuro(3 J 4-r)pyridine, and a pharmaceutical ly acceptable 
acid addition salt thereof. 

25 70. A method of treating vitamin B6 deficiency in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 
according to claim 52 in a unit dosage form. 

71 . The method of claim 70, wherein the compound is administered enterally or 
30 parenterally. 

72. A method of treating hyperhomocysteinemia in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 
according to claim 52 in a unit dosage form. 

35 
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73. The method of claim 72, wherein the compound is administered enterally or 
parenterally. 



74. A method of treating interferences in glycolysis, aerobic metabolism, 

5 biosynthesis of serotonin, or biosynthesis ofy-aminobutyric acid in a mammal 
comprising: administering to the mammal a therapeutically effective amount of a 
compound according to claim 52 in a unit dosage form. 

75. The method of claim 74, wherein the compound is administered enterally or 
10 parenterally. 

76. A method of treating hypertension in a mammal comprising: administering to 
the mammal a therapeutically effective amount of a compound according to claim 52 
in a unit dosage form. 

15 

77. The method of claim 76, wherein the compound is administered enterally or 
parenterally. 

78. The method of claim 76, wherein the compound is administered concurrently 
20 with a therapeutic cardiovascular compound selected from the group consisting of an 

angiotensin converting enzyme inhibitor, a calcium channel blocker, a p-adrenergic 
receptor antagonist, a vasodilator, a diuretic, an a-adrenergic receptor antagonist, 
and a mixture thereof. 

25 79. A method of treating myocardial infarction in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 
according to claim 52 in a unit dosage form. 

80. The method of claim 79, wherein the compound is administered enterally or 
30 parenterally. 

8 1 . The method of claim 79, wherein the compound is administered concurrently 
with a therapeutic cardiovascular compound selected from the group consisting of an 
angiotensin converting enzyme inhibitor, a calcium channel blocker, an 
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antithromblytic agent, a p-adrenergic receptor antagonist, a diuretic, an a- 
adrenergic receptor antagonist, and a mixture thereof. 



82. A method of treating ischemia reperfusion injury in a mammal comprising: 
5 administering to the mammal a therapeutically effective amount of a compound 

according to claim 52 in a unit dosage form. 

83. The method of claim 82, wherein the compound is administered enterally or 
parenterally. 

10 

84. The method of claim 82, wherein the compound is administered concurrently 
with a therapeutic cardiovascular compound selected from the group consisting of an 
angiotensin converting enzyme inhibitor, an angiotensin II receptor antagonist, a 
calcium channel blocker, and a mixture thereof. 

15 

85. A method of treating myocardial ischemia in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 
according to claim 52 in a unit dosage form. 

20 86. The method of claim 85, wherein the compound is administered enterally or 
parenterally. 

87. The method of claim 85, wherein the compound is administered concurrently 
with a therapeutic cardiovascular compound selected from the group consisting of an 

25 angiotensin converting enzyme inhibitor, an angiotensin II receptor antagonist, a 
calcium channel blocker, an antithrombolytic agent, a p-adrenergic receptor 
antagonist, a diuretic, an a-adrenergic receptor antagonist, and a mixture thereof. 

88. A method of treating congestive heart failure in a mammal comprising: 
30 administering to the mammal a therapeutically effective amount of a compound 

according to claim 52 in a unit dosage form. 

89. The method of claim 88, wherein the compound is administered enterally or 
parenterally. 

35 
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90. The method of claim 88, wherein the compound is administered concurrently 
with a therapeutic cardiovascular compound selected from the group consisting of an 
angiotensin converting enzyme inhibitor, an angiotensin II receptor antagonist, a 
calcium channel blocker, a vasodilator, a diuretic, and a mixture thereof. 

5 

91. A method of treating arrhythmia in a mammal comprising: administering to 
the mammal a therapeutically effective amount of a compound according to claim 52 
in a unit dosage form. 

1 0 92. The method of claim 91 , wherein the compound is administered enterally or 
parenterally. 

93. The method of claim 91, wherein the compound is administered concurrently 
with a therapeutic cardiovascular compound selected from the group consisting of a 

1 5 calcium channel blocker, a p-adrenergic receptor antagonist, and a mixture thereof. 

94. A method of treating blood coagulation in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 
according to claim 52 in a unit dosage form. 

20 

95. The method of claim 94, wherein the compound is administered enterally or 
parenterally. 

96. The method of claim 94, wherein the compound is administered concurrently 
25 with an antithrombolytic agent. 

97. A method of treating hypertrophy in a mammal comprising: administering to 
the mammal a therapeutically effective amount of a compound according to claim 52 
in a unit dosage form. 

30 

98. The method of claim 97, wherein the compound is administered enterally or 
parenterally. 

99. The method of claim 97, wherein the compound is administered concurrently 
35 with a therapeutic cardiovascular compound selected from the group consisting of an 
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angiotensin converting enzynie inhibitor, an angiotensin II receptor antagonist, a 
calcium channel blocker, and a mixture thereof. 



100. A method of treating a disease that arises from thrombotic and prothrombotic 
5 states in which the coagulation cascade is activated in a mammal comprising: 

administering to the mammal a therapeutically effective amount of a compound 
according to claim 52 in a unit dosage form. 

101 . The method of claim 100, wherein the compound is administered enterally or 
10 parenterally. 

1 02. The method of claim 1 00, wherein the disease comprises deep vein 
thrombosis. 

15 1 03 . The method of claim 1 00, wherein the disease comprises disseminated 
intravascular coagulopathy. 

104. The method of claim 100, wherein the disease comprises pulmonary 
embolism. 

20 

105. A method of treating platelet aggregation in a mammal comprising: 
administering to the mammal a therapeutically effective amount of a compound 
according to claim 52 in a unit dosage form. 

25 106. The method according to claim 105 wherein the compound is administered 
enterally or parenterally. 

107. A method of treating melanoma in a mammal comprising: administering to 
the mammal a therapeutically effective amount of a compound according to claim 52 

30 in a unit dosage form. 

108. The method of claim 107, wherein the compound is administered enterally or 
parenterally. 
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